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The purpose of this thesis is to find solutions to decrease the cost of producing Power 
PF rubber sheets of Larox (later on "Larox") and also to relate the findings of this 
research to other products. Quality costs are effects of fulfilling quality demands of 
customers by controlling the quality of the product through inspections. The aim is to 
develop simple and cost efficient ways to accomplish these goals, and at the same time 
control the changes in the processes to enable early detection of flaws in the product. 
Background 
The topic for this thesis was formed and finalized during the spring of 2005, when 
Teknikum Inc. (later on "Teknikum") made the decision to invest in new machinery to 
build highly developed accessory equipment. This thesis supports the VPR-109 project 
which was originally started to allow Teknikum to fulfill large customer orders of Power 
PF rubber sheets. Figure 1 clarifies terms used in this thesis and their relations. 
Larox chose Teknikum as their major supplier because the products manufactured 
by Teknikum have superior properties and higher quality than those produced by 
competitors. Production rates increased so radically that there was no other option than to 
purchase a new machine. The new machine makes it possible to increase manufacturing 
rates of Power PF rubber sheets four times higher than was possible with the old 
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machine. Additionally, the VPR-109 will increase manufacturing rates, and free 
machinery and employees to manufacture other products. 
At this point it was also decided to concentrate on correcting quality problems 
that had occurred with the old manufacturing system and to minimize the quality costs 
associated with the process. This can be accomplished by minimizing all kinds of 
variation and by simplifying all actions. 
Teknikum - Manufactures Power PF rubber sheets for Larox Inc. with the VPR-109. 
Inc. - One of the leading manufacturers of rubber and polymer products in the 
Nordic countries. 
Larox Inc. - Teknikum's customer 
- Manufactures filtration solutions for mining and metallurgical 
industries. 
- Uses Power PF rubber sheets in their filtration solutions. 
VPR-109 - VPR-109 is a sheet press made in 2005, that consists of a press and a 
mould transfer table. 
Power PF Length 4136-4156 mm (1-3 and 5-7) 7 6 5 
rubber sheet Width 1598-1608 mm (1-7 and 3-5) Ii Cl Cl l:ICI ■ CICI Cl Cl Cl Cl ti CICI CICICI 1:1 .... a ■■ aaaaaa ■ aoaaaaaa 
Comer thickness 5-8 mm (1,3,5,7) 
caaaaciaaaaaaaaaaaa S O aaaaaaoaaaaaciaaciaa 4 >C CICll:ICll:ll:ICICICICICl:ICll:ll:ICIClt:I 
Edge thickness 16.5 ± 0.8 mm (all) aacaaaaaa1:11:11:11:1aaa1:1 ■ @0 ■ aa ■ CICI aaaaaaor::11:::ia 1:1 
\.:' aaa••aaaa ■ aap~~aaa 
Hardness 58 ± 5° ShA (all) 1 '-----' 2 ,_____ 3 
MT 140184 made of natural rubber 
MT 140188 made ofEDPM rubber 
Figure I. Terms 
Organization 
Teknikum Group Ltd. describes Teknikun Inc. in the following manner: 
Teknikum Inc. was established in 1989 and forms the main part ofTeknikum 
Group Ltd. The company is one of the leading manufacturers of rubber and 
polymer products in the Nordic countries. With over 40 years of experience and 
2 
\ 
modern production technology, it has become one of the most significant 
companies in the field. The key business areas are the mining industry, 
infrastructure, industrial hoses, and the vehicle industry. 
The company's own mould design and mixture development creates good 
conditions to meet customer requirements. Teknikum Ltd. has three production 
departments: mould products, hoses, and plastic products. The main market areas 
are in the Nordic countries and Central Europe. The company has approximately 
200 employees (Teknikum Ltd., 2005 www.teknikum.com) 
Description of the VPR-109 Project 
This VPR-109 project was started as a result of the negotiation between Teknikum 
and Larox, in order to increase Teknikum's role as a supplier of Power PF rubber sheets. 
The main part of this contract was the investment of a new machine, the VPR-109. The 
aim of the project has been to simplify the process and make highly developed and 
unique accessory equipm.ents to improve efficiency. At the inauguration stage of this 
project, attention was directed to testing and finding the right settings ofVPR-109 before 
manufacturing begins. Ultimately, the goal is to make it possible for one employee to 
complete all of the work phases independently. 
Increasing industry competition has forced firms to reduce prices while contending 
with the increasing prices of raw material. To be able to survive in this situation, an 
organization is forced to intensify all processes or develop new more efficient processes. 
This project aims to help reach these goals. Quality costs and manufacturing costs can be 
controlled and decreased by intensifying all processes and quality control. 
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Background of the VPR-109 Project 
The number ofLarox's suppliers had grown up to four after the expansion. In order to 
reduce costs, Larox decided to reduce the number of suppliers down to two. After 
negotiating, Larox decided to continue co-operation with Teknikum and with their French 
supplier. Until this point, the French supplier had delivered about 85% of the total 
number of giant sheets and Teknikum about 15%. The sheets made by Teknikum have 
better properties and better construction than the ones made by the Fr_ench supplier. 
Therefore, Larox wanted the majority of their purchases to come from Teknikum. The 
plan is that Teknikum will supply about 700 Power PF sheets annually, accounting for 
about 70 % of the total. Until now the problem in producing this volume had been 
insufficient capacity and difficulties in the manufacturing process. 
One of the aims of this case study is to support these targets by reducing costs, 
boost the processes, inspections, collect improvement proposals, and ideas. 
The Initial Situation 
This project is based on Larox's need to increase the volume of orders. To be able 
to supply this increased volume, Teknikum was forced to increase their machine capacity. 
At this stage, multiplying the production volume of Power PF rubber sheet was of 
concern. Future increases are also expected with other products that are supplied to 
Larox. 
With the old process, the maximum daily capacity was 4 to 6 sheets 
(Appendix A). The heat plates of the old machine are too small for the Power PF mould 
and for that reason the product was vulcanized in two parts, one end at a time. The 
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consequence is that the two stage vulcanization time is long and this also affects the 
quality of the sheet. The manufacturing process is very vulnerable to mistakes and does 
not meet high quality standards. 
From 2002 until 2004, there was an average reject of 21. 7%. In the year 2003, it 
grew to 34.9% (Figure 2). The reject statistics for 2005 are not included for two reasons; 
incomplete data and the unreliable information. According to the report by reject quantity 
reports (Appendix B-E), the reject percentage had decreased in a year by 25% without 
any improvements in the manufacturing processes. The conclusion is further supported 
by employees who state that non-marketable sheets have been modified to fulfill quality 
requirements and sent with a special permit. 
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Figure2. Power PF Reject Percent. 
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It is clear that it is difficult or even impossible to make a profit when the reject 
rate is so high. It is easy to count how much in time, resources, and money have been 
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wasted in all levels of the organization. From the beginning of 2002, 112 of 436 sheets 
were rejected (Appendix B-E). The monetary value of rejects is over 40,000 Euros (€). 
(Figure 3). 
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Figure 3. Value of Reject. 
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The objective of the VPR-109 project was to eliminate problems in the 
manufacturing processes and ensure operating efficiency amid tightening competition. 
This goal can be reached by Teknikum committing to a long-term partnership with Larox. 
This kind of relationship has to be based upon trust in order to make long-term co-
operation and investments possible. 
To become the main supplier of Larox, Teknikum has to be able to respond to 
price reduction demands. This goal can be reached by increasing the level of automation, 
which will speed-up the process of manufacturing. Reaching this higher level of 
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manufacturing volume niust be accomplished while decreasing the number of rejected 
products to be able to achieve this goal. 
It is clear that the reject rate of over 20% is extensively high. The target rate must 
be set to 5% or less in order to remain competitive in the industry. The decreased 
rejection rate combined with the predicted rise in manufacturing volume will save more 
than 50,000 € on an annual basis compared to taking no action to iinprove the cµrrent 
process (Figure 4). When these goals are reached with Larox Power PF the gained 
knowledge can be extrapolated and applied to other products ~nd processes. 
Relationship of Reject Percent and Costs 
70,000€ -r---:--'.:"":-:""====:::~----------',,z-:::-----,-----'c--------;---:,--------------------=-4 
-Ill 60,000 € +---'--'--'---'-,--"------,---,~-----,~.,__-;---..c..c,,,.--__:~7'---'------'--'--~ 8 50,000 €. 
40,000 E -l----'-ci--c-;,--'-----c"'"c-c"7'C+--.-c.p-...-._.'--,,.--"---'-~----.....,..'---1 ! 30,000 € +----,C-,'-'-"'"--'-"oe---oe---~----""-~~~~-~-1 
D: 20,000 € +----'-c:-'---'--~--'---'-cc-,~--~~c.p-...-._.-~--~-l 
10,000 € -t-,,--+;----'--,-,--'--'---:"-+,---'--'------'---,..,-',--'-'-'-'-----=o,,,.._~._.,.;--1 
0€+---'---'-'--,--~-.--~----.---'--,-----,-.::S,,>----l 
21.7 % 20.0 % 15.0 % 10.0 % 5.0% 0.0% 
Reject Perc;ent 
Figure 4. Relationship of Reject Percent and Costs. 
Sheet Press VPR-109 
The VPR-109 is a sheet press made in 2005, it consists ofa press and a mould 
transfer table. The VPR-109 can be driven either manually or autoinatically. Technical 
information of the press is as follows: 
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- Max. Press power 50 000 kN 
- Max. Closing speed 8.2 mm/s 
- Max. Closing length 250 mm 
- Size of heat plates 1750 x 4700 mm 
- Heating power 150 kW 
- Connection power 207 kV A 
- Max. System pressure 31.5 Mpa 
- Total Mass 105 000 kg 
Figure 5. Technical Information of the Press. 
Technical information of the mould transfer table includes: 
- Max. Lifting power 10 000 kg 
- Transfer plate 1860 x 4700 mm 
- Max. Transfer speed 17 mm/s 
Figure 6. Technical Information of the Mould Transfer Table. 
Definition of Terms 
Accessory Equipment 
Equipment that is used in conjunction with the main machinery i.e. a hoist to lift 
material on to a mould. 
Border band 
A rubber band that is placed on the groove that goes around the mould. 
Euro(€) 
European currency used in Finland (Exchange rate as of April 2007 1.00€ equals 
to $1.30) 
Lean Manufacturing 
A way to cut production throughput times by 90 percent and cut in half of errors 
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reaching the customer and scrap within the production process. 
Process Intensifying 
Aim to reach the goal more effectively by managing operations and resources as 
processes. 
Quality Cost 
Includes production costs and costs that are associated with rejected products. 
Rollers 
Motorized rolls on the work table that are used to roll the billet into position. 
ShA 




A new generation tool that help control quality buy integrating business result, 
product, and manufacturing and service processes together. 
Statistical Process, Control is a technical tool to improve the quality of products or 
services. 
Total Quality Management is a management philosophy that aims to prevent 
mistakes in all stages of process. 
Process Intensifying 
Aim to reach the goal more effectively by managing operations and resources as 
processes. 
Quality Cost 
Includes production costs and costs that are associated with rejected products. 
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CHAPTERII 
REVIEW OF LITERATURE 
Review of Literature 
Total Quality Management (TQM) is a management philosophy that aims to 
prevent mistakes in all stages of the manufacturing process. TQM is a part of 
management that defines and carries out the organization's quality policy. It aims for 
long lasting development and assurance of the quality. TQM is based on the meaning of 
quality relevant to customer satisfaction and competitiveness (A.Zargari, TQM class 
notes, fall 2004). 
The aim ofTQM is to offer high quality products and services to customers that 
will lead to higher productivity and lower costs. Organizations can achieve a larger 
market share by offering higher quality and lower prices than competitors. This makes 
organizational growth possible and creates a productive working environment (A.Zargari, 
TQM class notes, fall 2004). 
Quality Costs 
Silen describes the importance of quality costs to businesses as: 
Quality costs account for approximately 15-30% ofan organization's turnover, 
and the size of quality costs define possibilities to success. Organizations aim at 
doing it right the first time but employees still use almost one third of their 
work-time correcting quality problems. These things cause extra costs that aren't 
different than any other expenses. Quality costs include production costs and costs 
that associated with rejected products (Silen, 1998, p. 63). 
The importance of quality costs to businesses cannot be.overemphasized. Let's 
assume that an organization's quality costs are 30% of turnover and profit is 10%. If the 
organization wants to double its profit, it has two possibilities: increase product turnover 
or decrease quality costs. If the structure of costs remains the same, the organization has 
to double their turnover in order to double their profit, and this is rarely possible to 
accomplish. Another possibility is to try to decrease quality costs by I 0% through 
decreasing the number of rejected items. Wh~n quality costs a;e decreased by 20%, the 
share of profits will increase up to 20% (A.Zargari, TQM class notes, fall 2004). 
Quality failure costs consist of internal and external failure costs. Internal failure 
costs are the costs associated with repairing reject and defective products. External failure 
costs include claims, customer returns, and warranty costs. External failure costs are the 
most expensive failure costs because they damage the image of the organization. It is 
· impossible to measure the real damage this can cause (A.Zargari, TQM class notes, fall 
2004). 
Preventative action like training, guidance, planning and statistical methods are 
the things that should be concentrated on in quality cost development projects. Preventing 
costs of quality failures will pay back the company by the decreased mistakes. The most 
common ways to decrease quality costs are by decreasing the number of mistakes or to 
accelerate the process cycle. The process cycle can be accelerated by removing 
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unnecessary work phases, which usually has a positive affect on the number of mistakes 
(A.Zargari, TQM class notes, fall 2004). 
When having a wider view, quality costs can also be decreased by decreasing the 
size of storage and by reducing unnecessary transfers. These actions don't make extra 
value to an organization, only costs. Removing unnecessary stalls and bottlenecks makes 
the process more efficient while also creating an immediate savings. Costs can also be 
reduced by increasing motivation and decreasing indifference by better utilizing human 
resources (A.Zargari, TQM class notes, fall 2004). 
Quality cost analysis is based on the collection and analysis of the quality cost 
information. "Quality cost analysis returns back to processes because the processes where 
biggest quality costs is born are chosen to be developed" (Lecklin, 1997, p.308). 
Process Intensifying 
The process operation model aims to reach the goal more effectively. This goal 
can be reached by managing operations and resources as processes. Efficient use of 
resources lowers costs and decreases execution times. It is important to concentrate on 
factors that will improve the organization's main operations. Main operations are 
recognized and responsibilities and duties are clearly created (A.Zargari, TQM class 
notes, fall 2004). 
Systematic leadership is based on the understanding of the process relationships. 
Goals are reached when all the power is focused on the vital processes. Effectiveness and 
productivity are achieved by understanding the organization's possibilities, resource 
limitations, and by acting logically (A.Zargari, TQM class notes, fall 2004). 
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A permanent goal of an organization should be that of continuous capacity 
improvement. Training and tools for continuous improvement should be available to 
employees. The aim is to create an organization-wide approach to the improving of 
products, processes, and systems (A.Zargari, TQM class notes, fall 2004). 
Total Quality Management programs should be based on accurate and reliable 
information, not estimates. Decisions can be made based on systematically documented 
information and facts. It is also important for an organization to consider the needs of 
customers, interest groups, the business environment, and the needs of the organization 
itself in decision making (A.Zargari, TQM class notes, fall 2004). 
An organization and/or consumer of a product such as Larox and its suppliers of a 
product such as Teknikum are dependent upon a dose relationship between each other. 
The benefit of a trustworthy relationship to both of these parties is increased productivity. 
Cost and resource optimization is achieved by reacting together to market and customer 
demands. Organizations have to recognize and select the suppliers that are a best fit or 
match to their own organization. This relationship can be strengthened by the two groups 
creating clear and negotiable goals through the sharing of product knowledge and long 
term strategic planning (Moisio, 2000). 
Statistical Process Control (SPC) 
Statistical Process Control is one of the best technical tools available to improve 
the quality of products or services. SPC includes seven basic tools, four of which are not 
statistical. SPC can be used to control, improve, and maintain the company's processes. 
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SPC includes all information pertaining to manufacturing processes such as 
statistical measure, analysis, and process development methods. SPC is an 
important TQM tool used to improve production driven quality aspects of 
manufacturing. The most important part of SPC is the control charts which help to 
identify potential problems in the manufacturing process (Lipponen 1993, p.134). 
Six Sigma 
Six Sigma is a new generation management tool that can help control quality by 
integrating business results, product, and manufacturing and service processes together. 
Six Sigma continues to deepen the heritage of total quality management by utilizing 
innovations of people, statistics, and modern information technology. Six Sigma creates 
solutions, possibilities, and extensions to business and quality problems. Six Sigma is 
based on the principle of "zero defects" and has become an efficient way to significantly 
improve businesses (Quality Knowhow Karjalainen, 2005, SIXsigma.fi). 
Six Sigma is the first scientific method that is based on facts. It has indicated its 
capability with results that have been presented in the annual reports of the world's top 
organizations. Six Sigma is a project based on fast implementation. Management 
commitment is required to integrate the work of project teams and statistical decision 
making. Six Sigma strives to improve critical customer demands and business profits. 
Quality costs are decreased and production capacity is released by reducing errors in 
processes and by reducing cycle time (A.Zargari, TQM class notes, fall 2004). 
Six Sigma can be used as part of a continuous improvement strategy. Remarkable 
quality improvements can be achieved by utilizing quality improvement projects as Six 
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Sigma projects. By following DMAIC-strategy problems, can be solved with a 95% 
probability. DMAIC-strategy consist of five stages; Define, Measure, Analyze, Improve, 
and Control. The define stage includes defining a project description, the basic 
measurements, desired business results, team members, schedule, and goals. Critical 
measurements are defined in the measurement stage. Sigma and process capability is 
calculated and results are presented graphically so variations and possible formations can 
be seen. Hypothesis testing is used to recognize differences. The aim is to find causes by 
using several statistical tools. Design of Experiments (DOE) and stop face optimization 
are used to find improvements. Control stage results are estimated, and process 
capability, sigma, and final results are calculated and documented. 
James Harrington stated, "Six Sigma is simply a TQM process that uses process 
capability analysis as a way of measuring progress." It is the best measurement of process 
variability in the process (Besterfield, 2003, p.148). Many problems are also related to 
Six Sigma. Developing the needed infrastructure is not very cost efficient for small 
businesses. Paying high training costs may cause problems even in medium sized 
organizations, and a large organization's infrastructure may become too bureaucratic 
(Besterfield, 2003, p.149). 
Lean Manufacturing 
A key element of the lean manufacturing technique is to prevent an impeded flow 
of the production process. Through lean manufacturing, an organization is able to 
accelerate production by eliminating waste and removing obstacles. Adopting the lean 
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production methodology manufacturing organizations are able to cut their production 
time by 90% and will be able to cut the products produced that do not meet minimum 
quality specifications by half before reaching the consumer. Lean manufacturing has a 
positive affect by minimizing unnecessary handling, waiting and rework. 
According to Anderson: Former MIT researchers, James P. Womack and Daniel 
T. Jones say that lean production "is lean because it provides a way to do more and more 
with less and less -less human effort, less equipment, less time, and less space - while 




Work Phase and Problems 
This chapter clarifies the work phases of producing the Larox Power PF and the 
problems that are related to each phase. The first section is the midterm report and the 
last section includes detailed descriptions of each work phase, related problems and 
suggestions for improvement. 
The midterm report, written on June 22, 2005, was based on the test 
vulcanizations that were done with work instructor Kari Kumpulainen. The report 
contains information about problems observed in the process and improvement proposals. 
During this stage, attention was focused on problems that occurred while using accessory 
equipment. 
Chapters after the midterm report go through the phases of the process with 
products MT 140184 and MT-140188. The only difference in these products is in the way 
the billet is made and the difference in the vulcanization temperature. These differences 
occur because various types of rubber react differently during processing. 
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Midterm Report - after the test vulcanization 
June22 2005 
VPR-109, Larox Power PF Tapani Kilpelainen 
The midterm report is a collection of information that was observed during the 
experiment vulcanizations and will describe the variables that are related to the 
production of the PF Rubber Sheets. These thoughts were relayed in conversations with 
people who are in one way or another related to this project. The individuals interviewed 
were those known to have the most knowledge of and experience with these kinds of 
processes and development. 
The billet: Currently, the width and thickness of the calender billet varies too 
much. This variation leads to inconsistently sized billets. It made this phase very difficult 
to perform and increases the risk of product rejects. The calendar billet has also a serious 
problem with air bubbles developing. Piercing the air bubbles is time consuming but it 
has to be done to produce quality products. Focusing on fixing the variations found in the 
billet will bring Teknikum a step closer to manufacturing quality products. 
Tools: The process flow layout of the VPR-109 is well designed and offers 
everything needed for an effective and safe manufacturing process. The development of 
accessory equipment is not yet completed and will probably continue during normal 
production. Employee ideas are needed in the development of accessory equipment to 
ensure the equipment will meet their needs and to motivate the employees through 
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involving them in this process. Employee training should enable the workers to provide 
consistent production. 
Possible process modifications based on observations: 
- Billet is rolled out before being spread into the mould. The intention in the future 
is to use one 1500 mm wide calender billet instead of two 830 mm wide calender 
billets. At this size, rolling out the 60 kg calender billet before spreading it in the 
mould is impossible for one employee. A solution to the problem could be two 
rollers supporting the billet controlled with a foot pedal. Another problem that 
needs to be addressed is how to weigh the larger, full-sized billet. 
- The use of the border band is not necessary; it has no relationship to quality or 
appearance. Eliminating its use would increase cost savings by eliminating one 
work phase. Border band is also more expensive to make than billet and requires 
extra work in the calendering machine. It also decreases the possibility of 
variation, and reduces the cumulative error effect. 
- When spreading the billet into the mould, accessory equipment is needed to hoist 
the sheet. This accessory equipment could also be used for weighing the billet 
rolls instead of using a weighing table. 
- Updates are needed to the sheet hoist. The side movement has to be stabilized by 
a tap (used to stabilize movement of the hoist through the linkages). The sheet 
hoist has to be moved to the left to fasten the prepared sheet on the finishing table. 
- Each of the 20 PF Rubber Sheets that were produced was measured twice. Once 
following the cooling basin and again 24 hours later. The measurements were 
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taken to see if shrinkage or a change in hardness had occurred between those two 
times. The average measured change between the two measuring times was used 
to adjust the jig table (if"necessary). There were no changes discovered to size or 
hardness of the PF Rubber Sheet(s) following the cooling bath measurement and 
the measurements taken 24 hours later. Following the removal of the sheet(s) · 
from the cooling basin they can be inspected then immediately packed for 
shipment. This helps increase the efficient and proper use of the raw material 
within the company's inventory. The process allowed for an unneeded build-up of 
raw rubber inventory within the warehouse. 
The turning director on the end of the cooling basin directs the traction device to 
the measurement table and will prevent the tail of the sheet from dropping to the 
floor. At the same time, this device allows employees to walk between the cooling 
basin and the measurement table. A filter for incoming water is needed to prevent 
drifting sand in the cooling basin. 
The same solution that is suggested for rolling the calender billet can be used on 
the end of the measurement table, two rollers supporting the billet controlled with 
a foot pedal. 
Turning directors may also be used to move the sheet roll from the measuring 
table to the delivery box. Turning directors can be supported on the wall of the 
delivery box. 
20 
A 40 minute vulcanization time leads to a 55 to 60 minute total production time, 
including lifting of the vulcanized sheet and making a new billet to mould. The work 
phases that can be done during the vulcanization time take 30 to 35 minutes. It should be 
noted that one calender billet roll has enough rubber for 2.5 sheets. This means that the 
roll has to be changed 2 to 4 times during an eight hour work shift and the delivery box 
has to be changed once. Work shifts include two coffee breaks and a lunch break, which 
are required by law. Taking these time constraints into consideration, it can be said that 
the process is very close to its optimal time utilization. 
Billet and Cutting a Billet 
The use of a high quality calender billet and carefully lining the mould are the 
foundation of producing a high quality product. If the calender billet does not meet the set 
criteria it is almost impossible to alter it enough to achieve the desired end result. 
Changes to the calender billet's thickness and width often cause unexpected changes in 
the final product. These variations force the employees to weigh the calender billets and 
add extra rubber if needed. As long as the thickness, width, and weight of the calender 
billet change, it is not possible to use all of the advantages that standardization can offer. 
A worst case scenario would be producing a billet that looks like a rag quilt (Figure 7). 
The worst cases have contained 30 to 40 air bubbles on 1500 mm length of 
830 mm wide billet. Piercing the air bubbles causes unnecessary work for employees. 
This is an extremely difficult job during the winter when electric lights are the only light 
source. Under these circumstances, it is very unlikely that all of the air bubbles will be 
seen and removed. 
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Figure 7. Pierced air b~bbles on caiender billet 
Teknikum's inspection criteria for the rejection of any sheet is if an air buJ,ble is 
found under 150 mm from the edge ·or ifthere are more than three air bubbles in the sheet 
(Figure 8). 
In the years 2002 to 2004, air flaws have been the. reason for 21 % of the rejects 
accounting for 4.5% of all sheets made during this period (Appendix B-D). This is a 
serious concern since during this period air flaws cost the comp~ny over 3,000 Euros per 
year. 
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Figure 8. Air flaw that caused the rejecting of the sheet. Pawn transition shown in picture 
is an effect of excessive temperature. 
The billet for MT 140184 is made of two ( 4000 mm x 830 mm) calender billets 
(Figure 9). A border band is placed on the border groove of the lower mould and extra 
bits of rubber are placed next to the input holes. Extra pieces of rubber are added to 
increase the total weight of the billet, up to approximately 62 kg. The size, shape, and 
location of the extra bits have an effect on the final product. For this reason, only 
experienced employees perform this particular part of the manufacturing process. 
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Figure 9. MT 140 I 84 calender billets are spread and cut to proper length. 
During the test vulcanizations, it was found that when the rubber ages, it changes 
the way it reacts in the mould (Figure 10). The rubber lot used in the experimental 
vulcanizations was manufactured on June 2, 2005. Its properties changed dramatically 
between June 14 and June 28. The sheets made on June 14 were of high quality and the 
required amount of rubber was approximately 62 kg. Only two weeks later, on June 28, 
the required amount of rubber grew to approximately 67 kg. The result was, the thickness 
in the middle section of the sheet was over 9 mm, while the thickness of the edges 
remained at the desired thickness of approximately 6 mm. 
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Figure 10. The fluency problem of rubber caused by rubber eJdering. 
Rolling and Weighing of the Billet 
Weighing, as it is done now, is feasible because the product consists of natural 
and manufactured rubber using two half-sized calender billets. If the use of the one full 
wide calender billet is adopted, weighing with the current scale will not be possible for 
two reasons. 
One full calender billet weighs approximately 60 kg and has a width of 1500 mm. 
It is impossible for one employee to lift a billet of this size (Figure 11). The calender 
billet roll cannot be lifted onto the scale by using the sheet hoist because of the structure 
of the scale. Additionally, the maximum capacity of the current scale is only 50 kg. 
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EDPM rubber calender billet can not be rolled like natural rubber. The technique 
learned through manufacturing other products made of ED PM rubber was used in the 
production of EDPM billet. Instead of laying the billet lengthwise in the mould as it is 
done with natural rubber, EDPM billet is placed in the mould across the short axis. Five 
1560 mm length billets placed into the mould produces the ideal size sheet. Changing the 
width of the billet does not create any improvements in the EDPM rubber sheet. 
There have been many suggestions to solve the problems associated with 
weighing and lifting the calender billet rolls into the mould. An innovative solution was 
chosen. Instead of manually lifting the billet rolls first onto the scale then to the mould, a 
sheet hoist with an attached scale will weigh the billet and then is used to move it to the 
mould. Furthermore, the sheet hoist will be used to spread the calender billet in the 
mould. This solution eliminates the weigh table from the shop floor and reduces the time 
required for this process. The time that is saved can be used to prepare the next billet or 
to finish the previous sheet. The reduced vulcanization time is of great benefit. 
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Figure 11 . Rolled 30kg billet is lifted to scale for weighting. 
Irrigation of the Mould 
Irrigation of the mould is an important part of the process that needs to be 
performed in a consistent manner. The irrigation liquid affects the fluency of the rubber 
and how the final product will be release from the mould. Too much or too little of the 
irrigation liquid affects various aspects of the product. 
The use of an automatic irrigation system is a good solution to minimize irrigation 
liquid variation in the upper mould. However, the system will have to be modified for the 
lower part of the mould since the sheet is lying on the lower mould when it is opened. 
One possible solution would be an irrigation system that moves on rails above the lower 
mould after the sheet has been removed from the mouJd. 
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Adjustment and control of the automatic irrigation system is very important. 
During the experiment vulcanizations, the automatic irrigation system of the upper mould 
did not provide smooth irrigation. Evidence of this was seen in the form of a shiny track 
on the surface of the sheet. This can be avoided by controlling the irrigation flow every 
single time the mould is opened. This kind of problem should not occur when irrigation is 
done manually by employees because the amount of irrigation liquid can be easily 
changed. 
An automatic irrigation system for the lower mould may be required in the future 
when other products are .being manufactured with this machine but is not required at this 
time for the purpose. Because the upper mould is attached to the heat plate, an automatic 
irrigation system is the only viable solution. 
Making the Billet to Mould 
The way in which Larox Power PF Rubber Sheets is manufactured depends upon 
the properties of the rubber lot being used. Natural rubber billets are placed lengthwise in 
the mould while EDPM billets are placed across the short axis in the mould. This is done 
because of the differences in how the rubber acts. 
Sheet billet for the natural rubber sheet MT 140184 is made of two lengthwise 
placed 4000 mm x 830 mm size billets (Figure 12). The billets are placed one on top of 
the other on the center of the mould so that the billets are 30 to 50 mm from the long 
edge. The billets are placed on 100 mm from the front edge and 50 mm from the back 
edge. A I 000 mm by 130 mm bit is cut from the center of the top billet. From the middle 
of the front edge a 120 mm by 130 mm bit is cut and placed 200 mm from the corridor 
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side of the front comer. Border band is then placed into the border groove. The billet 
comers that fit on the outside of the mould are cut to at least 25 mm from the comers and 
placed approximately I 00 mm diagonally to the comer. 200 mm x 150 mm bits are 
placed at the center of each side, at every input hole, and on the corridor side of the front 
corner. 415 mm x 80 mm bits are then placed between the input holes. 830 mm x 80 mm 
bits are placed on both sides of the center seam and one on the corridor side of the front 
corner (Figure 13). The total weight of the billet, including the border band and the extra 
bits, is approximately 62 kg. The vulcanization time is 40 minutes at 140°C to 145°C. 
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Figure 13. MT140184 Setting of calender billets and extra bits. 
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Sheet billet for the EDPM sheet MT 140188 is made of five diagonally placed 
1560 mm x 830 mm size billets as shown in figure 14. The billets are placed one on top 
of the other 100 mm from the front edge and 50 mm from the back edge. Border band is 
then placed into the border groove. The billet corners on the outside of the mould are cut 
to at least 25 mm from the corners then repositioned approximately 100 mm diagonally to 
the center. Bits size of200 mm x 150 mm are placed on the center side of every input 
hole and on the corridor side of the :(ront corner. A 830 mm x 150 mm bit is placed on the 
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The purpose of the experimental vulcanizations was to find the highest 
temperature that each type of rubber would tolerate. An increase in the vulcanization 
temperature will reduce the vulcanization time required. The bulk of the experimental 
vulcanizations were conduct~d using natural rubber since the majority of Larox Power PF 
Rubber Sheet is made of<natural rubber. The first problem that occurred was uneven 
temperaturc;,s in the different parts of the mould (Appendix F; Temperature measurement 
1). 
Uni,ven temperatures cause variations in the µardness of the sheets (Appendix H; 
Inspection log sheet; experiment vulcanizations). The first-attempt to remedy the problem 
was by adding heat soles to the heat plates of the mould. The heat ~oles were not 
sufficient to correct the variations. The solution was modified by setting different default 
values on each segment of the heat plates (Appendix F; Tempe~ature measurements 2-3). 
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The biggest problem was the center temperature of the upper mould. This was 
caused by the heat conduction from the lower mould and from the border areas. 
Furthermore, the border areas loose heat to the surrounding environment and compound 
the problem. To account for this defect, the temperature of the center part of the upper 
mould was set five degrees Celsius lower than of the other parts of the mould (Appendix 
F; Temperature measurements 4-5). 
The difference between the temperature setting and the actual temperature inside 
the mould caused many problems at the beginning of the test vulcanizations. The 
temperature inside the mould was higher than the temperature setting. In addition to these 
temperature measurements, is a temperature reading from the machine that is shown on 
the screen of the control unit. This measured temperature is usually slightly lower than 
the temperature setting on the edge areas of the mould and a little over the setting 
temperature in the center area of the mould. 
When the mould is ready to be closed, it is done by confirming the light blind and 
by starting the automatic drive. While the automatic drive is on, the mould is moving, the 
light blind is active, and the red safety light is on. If the beam from the light blind is 
interrupted, the action is stopped. When the mould is not moving anymore, the red safety 
light will turn off and the attending employee can safely enter the machine work zone. 
(Figures 15 and 16). 
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Figure 15. VPR-109 buttons from left; emergency stop, light blind, safety circuit, and 
automatic drive start/stop. 
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Figure 16. VPR-109 during vulcanization 
The desired vulcanization program can be set from the control unit. There are four 
variables that can be programmed: pressure, length of expression, temperature, and 
vulcanization time (Figure 17). 
Pressure defines the pressure used during the expression. During the beginning of 
the process, the pressure begins low and is increased in steps reaching 5000 Newton tons. 
The length of expression defines how long the pressure is held. The right pressure and 
length of expression force the rubber to fill the mould quickly and evenly. 
Temperature and vulcanization time are inversely related to each other; when one 
is decreased, the other one must be increased. The goal is to make the process as efficient 
as possible without suffering the defects caused by high temperatures. 
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The maximum temperature at which rubber still fills every inch of the mould has 
to be found on an experimental basis. After the temperature is determined, it is necessary 
to find the right vulcanization time to give the product the desired properties. 
Vulcanization time and temperature have an effect on the final measurements and on the 
hardness of the sheet. 
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Figure 17. During the vulcanization temperature, expression, and pressure trends can be 
observed on control unit screen. 
Lifting the Sheet to the Finishing Table 
Manually lifting the sheet from the mould to the finishing table is hard even for 
two employees (Figure 18). A unique sheet hoist has been made for this purpose. The 
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sheet hoist is attached to a second hoist that is also used to lift the mould. The seal border 
of the long edge is lifted over the sheet hoist and is locked in place with three clamps on 
two sides. After this, the hoist is driven to the finishing table where the sheet is released 
from the hoist by opening the clamps. The sheet is now ready for inspection and 
finishing. 
Figure 18. Prepared sheet is lifted from mould to finishing table by two employees. 
Inspection and Finishing 
The final inspection and trimming of the sheet is done on the finishing table. On 
two sides of the table are air blinds that direct formed combustion gases to the air-
conditioner. The requirements for the visual inspection can be found on the inspection 
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instruction sheet, TA VKP IO 557, wruch is attached to the completed work order. Once 
the sheet has passed inspection, it is ready for finishing. 
After the sheet is finished, an employee performs the final inspection to ensure 
that no more than 1mm of the ridge remains on either side of the sheet and that all 
direction pins have been removed (Figure 19). After finishing, the sheet is attached to the 
traction device. 
Figure 19. Finishing, cutting the edge ridge off. 
Sheet Traction to the Measuring Table Through the Cooling Basin 
Cooling the sheet has been made faster by the use of the cooling basin which 
makes it possible to handle, measure, and pack the sheet right after vulcanization. The old 
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method involved cooling the sheet at room temperature. It took at least 24 hours of 
cooling time before the sheet could be inspected and any needed corrective measures 
could be taken. This was not desirable since corrections must be completed within a short 
period time after vulcanization. Increased rates of production would also lead to larger 
backlogs of cooling sheets and more product rejects since corrections could not be made 
quickly enough. 
The completed sheet is attached to the traction device and drawn in to the cooling 
basin where it cools for five minutes (Figures 20 and 21 ). After cooling, the sheet is 
automatically pulled to the measuring table where the finaJ measurements and inspection 
are conducted. These work phases are performed during the vulcanization of the next 
sheet. 
Figure 20. Traction device is attached on the sheet end. 
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Figure 21. Cooling Basin. 
Measure Inspection and Final Visual Inspection 
All sheets must pass the measurement inspection before being approved and 
packed for delivery. If only one of the measurements does not meet the requirements, the 
product cannot be shipped to the customer before getting the customer's approval, 
referred to as exception permission. The Production Manager or Sales Engineer, obtains 
exception permission from customers. 
Results of the measurement inspection are recorded in the measuring log sheet 
(Appendix G, Inspection Log Sheet). The measuring log sheet is delivered to the 
customer with the final product and a copy of it is attached to the product folder. The 
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final visual inspection is made based on the inspection instruction. All measurements are 
done using calibrated measuring tools. 
The measuring tools used for measurement inspection are a measuring tape, 
hardness meter, and thickness meter (Figure 22). The length and the width of the sheet 
have been measured with the measuring tape. In the future, measuring will be conducted 
with a measure jig which confirms the fitting to the Larox machine. Requirements for the 
length and width are very strict, especially for elastic material. The length has to be 
within 4146 mm,± 10 mm, which means that there can only be 0.2% variance. The width 
has to be approximately 1603 mm,± 5 mm, which means that only 0.3% of variance is 
allowed. Hardness is measured at eight different points with the hardness meter. 
Hardness is measured in ShA-scale with a required reading of 58, ± 5 ShA. Hardness 
indicates how well the sheet is vulcanized on a particular segment. Thickness is measured 
at the same eight points as hardness. In addition, sheet thickness is also measured on the 
corners where the sheet will have to tolerate the most tension during its final use . 
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Figure 22. Measuring tools; Hardness meter, two various type thickness meters and 
measuring tape. 
Measurements 
All measurements are taken from the same measurement points as shown in figure 
23. Measurements are compared against the averages for the selected sheet types (Figures 
24-28). MT 140184 (old) includes measurements ofthe sheets made in 2005 using the 
old method. MT 140184 (new) and MT 140188 include the measurements of the first 
products made using the VPR-109. Measurements are recorded on inspection log sheets 
(Appendix A, I, and J). 
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Figure 23. M.easurement Points. 
The standard deviation of the natural rubber sheet is 0.7 mm, 0.017% of total. The 
length is close to the upper tolerance limit but it is still acceptable. The measurements are 
between 4153 and 4156 mm and there are no measurements above the stated levels. The 
standard deviation of the EDPM sheet is 2.3 mm, 0.055% of the total and all 
measurements with one exception are between 4146-4150 mm (Figure 24). These are 
acceptable measurements considering these were the first sheets made using this type of 
rubber. 
Leng!h MT! 40184 
Mean Median TRMean SD SE Mean Minimum Maximum 
4154.6 4155.0 4154.6 0.7 0.1 4153.0 4156.0 
Length MT140188 
Mean Median TRMean SD SE Mean Minimum Maximum 
4148.0 4148.0 4148.6 2.3 0.6 4146.0 4156.0 
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Figure 24. Sheet Length. 
Width 
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Widths of both sheet types are also close to the upper tolerance limit but are 
within an acceptable range. Widths of the natural rubber sheet are between 1602 - 1605 
mm with a standard deviation of 0.7 mm, 0.044% of total. Widths of the EDPM sheets 
are between 1603 and 1607 mm with a standard deviation of 1.2 mm, 0.075% of the total 
(Figure 25). 
Width MTI 40184 
Mean Median TRMean SD SE Mean Minimum Maximum 
1603.4 1603.0 1603.4 0.7 0.1 1602.0 1605.0 
Width MT 1401 88 
Mean Median TRMean DD SE Mean Minimum Maximum 
1605.0 1605.0 1605.0 1.2 0.3 1603.0 1607.0 
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Figure 25. Sheet Width. 
Sheet Thickness on Corners 
The corner thickness of the natural rubber sheet is between 6.1 and 6.5 mm. The 
difference between different measurement points is insignificant with a standard 
deviation of only 0.09 mm, 1.4% of total. The measurements of the EDPM rubber sheet 
are similar. The comer thickness is between 6.2 and 6.6 mm with a standard deviation of 
0.10 mm, 1.5% of the total (Figure 26). 
Sheet Thickness on Comers MT 1401 84 
Mean Median TRMean StDev SE Mean Minimum Maximum 
6.3625 6.4000 6.3676 0.0944 0.0086 6.I0OO 6.500 
Sheet Thickness on Comers MT140 188 
Mean Median TRMean SD SE Mean Minimum Maximum 
6.4464 6.5000 6.4500 0.0999 0.0189 6.2000 6.6000 
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Sheet Thickness on Corners (6 +2 -1)mm 
6,55 
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Figure 26. Sheet Thickness on Comers. 
Thickness of the Edge 
The thickness of the edge remains constant on all measurement points regardless 
of the type of rubber used. The variation of the natural rubber sheet is slightly smaller but 
the difference is insignificant. The thickness of the edge on both sheets is between 16.2 
and 16.6 mm. The standard deviation of the natural rubber sheet is only 0.09 mm, 0.55% 
of the total and the EDPM rubber sheet is 0.10 mm, 0.61% of the total (Figure 27). 
Thickness of the Edge MT140184 
Mean Median TRMean SD SE Mean Minimum Maximum 
16.374 16.400 16.374 0.089 0.006 16.200 16.600 
Thickness of the Edge MT140188 
Mean Median TRMean SD SE Mean Minimum Maximum 
16.348 16.300 16.346 0.103 0.014 16.200 16.600 
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Thickness of the Edge (16.5 ± 0.8) mm 
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The hardness of the sheets made by the VPR-109 varied at different measurement 
points but was within acceptable limits. The hardness of the natural rubber sheet is 
approximately 2 ShA higher on the both ends of the sheet than in the center. This was 
likely caused by a lower temperature on the end areas. Over-vulcanization and rubber 
softening occurred in the central areas of the sheet during the experimental 
vulcanizations. This did not occur with the EDPM rubber. This did not happen because of 
its higher vulcanization temperature. The only variance noted was on measurement point 
four. The hardness of the natural rubber varies between 54 and 56 ShA with a standard 
deviation of 1.32 ShA, 2.28% of the total. The hardness of the EDPM rubber sheet is 
between 54 and 61 ShA with a standard deviation of 1.35 ShA,, 2.32% of the total (Figure 
28). 
46 
Hardness ·MT! 40184 
Mean Median TRMean SD SE Mean Mininium Maximum 
57.913 58.000 57.963 1.324 0.085 54.000 60.000 
Hardness MT140188 
Mean Median TRMean SD SE Mean Minimum Maximum 
58.214 58.000 58.260 1.345 0.180 54.000 61.000 
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Figure 28. Harness. 
Rolling and Packing 
After the sheet is finished and measured, it is rolled and packed into the delivery 
box. When the box is full, an employee copies the measuring log sheet and attaches the 
copy to the product folder. The original measuring log sheet placed inside to the delivery 
box and is marked as inspected. This indicates to the logistic division what the contents 
of the box are, that it has been inspected, and that if is ready for delivery. 
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CHAPTERIV 
FINDINGS AND CONCLUSIONS 
This chapter contains descriptions of the layout, specific information about reject 
reasons, costs, and the sheet measurements. Reject reasons and cost studies come from 
the Reject reports from 2002 to 2004. Reject reasons and cost estimates for 2006 are also 
made based on these reports. Measurement results include the results of both sheet types. 
Provided first are the lots made with the VPR-109 and results of natural rubber sheet 
made with VPR-98 in the year 2005. 
Procedures 
Results of this study are based on VKP-department Reject reports from 2002 to 
2004 and the year 2005 Inspection Jog sheets from the Quality department. These 
documents are official reports ofTeknikum and contain reliable information. SPC 
methods have been used to analyze the information derived from these documents and 
the results are presented as Excel charts and from descriptive statistics derived from 
Minitab. The excel charts are based on averages while the Minitab statistics are based on 
the entire population. 
Layout 
The work environment of the VPR-109 makes it possible to work efficiently and 
safely. The layout is we11 designed and products move in the same direction throughout 
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production, which makes it possible to do different phases of work at the same time 
(Figure 29). The development of accessory equipment and the proper timing of work 
phases make it possible to complete three phases of production at the same time. 
A well designed layout is also the foundation for a safe workspace (Figure 30). 
No safety concerns were discovered during the test vulcanizations. Lifting the billets and 
sheets is no longer a concern for the employees since the sheet hoist is now in use. 
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Figure 29. Layout. 
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Figure 30. Working environment ofVPR-109. 
Reject Reasons and Costs 
The purpose of this study has been to uncover the causes and effects of quality 
costs at Teknikum. An important part of the work has been to collect as much 
information as possible on new processes and possibilities to minimize the shortcomings 
of the old process. Phases of the VPR-109 manufacturing process and the problems 
involved with it are described in chapter 4. 
Some people incorrectly consider quality inspections a bad thing for production 
claiming it leads to rejected products. It is worth remembering that inspections do not 
make a product a reject. Inspections prevent the delivery of defective products and save 
the organization from incurring external failure costs. Internal fai lure costs like product 
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rejects and repairing defects can be reduced by focusing on preventive actions such as 
training and guidance. By increasing the organization's ability to produce quality 
products, quality costs can be 'decreased fo as little as one tenth of the original cost. 
Variations in sheet measurements are minimal and are within the set quality 
limits. The only thing that affects sheet measurements is the type of rubber since the same 
mould is used to produce all of the sheets. For this reason, a wide analysis of the sheet . . . .. , 
measurements is not necessary. SPC methods like the histogram chart are used to find the 
most significant problem. 
Failure costs are mainly caused by rejected products. Of the items that are 
rejected, most are short of the required size. Estimated reject costs for 2006 are based on 
the averages of the rejected products from 2002 to 2004. The projected increase in reject 
amounts and reject costs are caused by the projected increase in production. For that 
reason, figure 32 and 33 can be regarded as worst case scenarios. The new manufacturing 
system will have a positive impact on reject amounts by minimizing the number of 
product defects. 
One thing that causes product variation is that every employee has his or her own 
unique way of making the billet. This makes-it more difficult to pinpoint the causes of 
variations and effectively minimize them. The best time to develop proper work 
techniques is when the employee is still being trained. It is much more difficult to change 
an employee's work habits at a later date. Individual ability to produce quality products 
can be studied by observing the number of acceptable and unacceptable sheets that are 
made by a single employee. These methods were used in 2004 with Volvo Penta. 
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The average variable costs is 362 €, as stated in the Reject reason reports 
(Appendix 8-E) and is used on the individual sheets. This value pertains to both 
acceptable and unacceptable sheets. The reject reasons have been divided into three 
categories: deficit, air defect, and fluency defect. The most common defect is deficit, 
accounting for 75% of the reject products (Figure 3 !). During the period examined, the 
monetary cost of rejected products caused by deficit was over 30,000 € (Figure 32). 
During the same period, the cost of air and fluency defects was less than I 0,000 €. It is 
clear that attention has to be directed to finding and solving the causes of a deficit 
product. 
To be able to decrease the number of the deficit sheets, it is important to 
concentrate on how the billet is made and how the extra bits are placed. Air defects are 
caused by air bubbles in the calender billet. It is necessary to take extra precautions while 
making the billet to reduce the number of air bubbles. Extra caution is also necessary 
when inspecting the calender billet and piercing the air bubbles before placing the billet 
into the mould. 
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Figure 3 I . Distribution of Reject reasons in years 2002-2004. 
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Figure 32. Distribution of Reject Costs by Reject Reason in Years 2002-2004. 
Assuming a 2 I. 7% reject rate (based on the average of the last three years), a 
production rate of 900 sheets per year would be necessary in order to deliver 700 sheets 
annually (Figure 33). The total value of production will grow to 320,000 € a year. The 
value of acceptable sheets will be approximately 250,000 € (Figure 34). 
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The number of rejected sheets is 200 per year (Figure 35) with the cost growing to 
70,000 € annually (Figure 36). Deficit sheets account for 150 sheets a year with a cost of 
over 50,000 € annually. These projections are also based on an average reject rate of 
21. 7%. Single year reject percents are listed in Chart 1. 
The projected costs clearly illustrated the impact that rejected products can have 
on profits. Like most other manufacturers, Teknikum cannot afford rejects costs at the 
projected level. PhiUip B. Crosby said that "Quality is Free". In this case it is free up to 
70,000 €, not to mention the savings that are possible to achieve during the product's 
lifetime. 
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Figure 33. Production Volume. 
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Figure 35. Reject Amounts by Fault Reasons. 
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■ Air Flaw 
■ Fluency Flaw! 
□ Void 












Reject Values by Fault Reason 
2003 2004 2006 (estimate) 
Year 
Figure 36. Reject Values by Fault Reasons. 
■ Air Flaw 
■ Fluency Flaw 
oVoid 
o Total Value 
The new machine and manufacturing process have been able to minimize the 
variation and at the same time make it possible to react to problems more quickly. The 
variation of temperatures was the most significant problem during the test vulcanizations. 
Because of this, the hardness of the sheet was diffucult to get inside the control limits. 
After the cause of this problem was ientified the variation of hardness was brought under 
control. 
The variation of temperatures in the different parts of the mould will continue to 
result in variations of the hardness of the sheet. Hardness has been maintained within the 
set control limits in all measurement locations. However, this problem needs to be solved 
before it personnel become complacent with it. The new sheet press VPR-109 was a huge 
investment for Teknikum. The benefit that VPR-109 can offer should not be sacrificed 
because this problem is well known and can be easily solved. 
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Product problems that are within quality limits for Larox may seem minimal for 
that product being produced for that company. But that same unexpected problem may 
occur during the production of other products for other consumers which may be much 
larger of an issue because of what is being produced. The correct temperature can be 
difficult to confirm during test vulcaniations because of the properties of different types 
of rubber. Careful consideration is also needed when planning to vulcanize smaller 
products at the same time. Variation of hardness is expected either in different parts of 
the product or between the individual products produced. 
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Appendix A Inspection log sheet MT 140184; old process 
TEKNIKI.JMOY ! I I I I I I I I I I I I I I VKP09330V1 
7 6 5 
I I I I I I I I I I I I -
!INSPECTION LOG SHEET I I I I I I I - .................. j ■ 111111111a1111111 MT 140184 LAROX POWER PF SHEET 4140 X 1600 RUBBER TYPE 165041 .................. --8 0 ■ 11111101111111111 4 
I I I -- >C •••••••••••••••••• .................. 
O••~r.•·····••Hn ■■ -- ... ·,····••r.•~··· I I I I I I I I I I I -- 1 2 - - 3 
I I I I I I I I I I I 
I I I I I I I I I I I I I I I LENGTH (mm) WIDTH(mm) CORNER THICKNESS (mm) Date of 
SHEET EDGE THICKNESS rmml 16,5 :1: 0,8 HARNESS 58 :1: S"ShA 4136- 4156 1598 -1608 6 + 2 - 1 measurement/ 
Number 1 2 3 4 5 6 7 6 1-3 5-7 1-7 3-5 1 3 5 7 measurer 
1 16,4 56 16,5 57 16,4 57 16,2 56 16,3 57 18,4 56 16,2 57 16,0 58 4153 4153 1598 1596 6,4 6,4 6,4 6,4 12.2.05 RK 
2 16,4 56 16,5 54 16.4 . 56 16,2 56 16,4 57 16,4 54 16,4 58 16,0 58 4153 4152 1599 1596 6,3 6,4 6,3 6,4 12.2.05 MO 
3 16,4 59 16,4 56 16,4 56 16,3 56 16,3 56 16.4 55 , 16,3 57 16,1 59 4153 4153 1599 1599 6,4 6,4 6,5 6,3 14.2.05 Tl 
4 16,4 56 16,4 57 16,5 56 16,3 56 16,3 58 16,4 56 16,3 57 16,1 58 4153 4154 1599 1596 6,4 6.4 6,5 6,4 14.2.05 RK 
5 16,6 59 16,3 60 16,5 57 16,2 55 16,5 56 16,4 58 16,5 59 15,9 55 4155 4154 1599 1599 6,5 6.4 6,4 6,5 14.2.05 RK 
6 16,3 58 16,3 56 16,5 57 16,2 57 16,5 57 16,3 56 16,4 56 15,9 58 4155 4155 1598 1599 6,4 6,4 6,4 6,4 14.2.05 MO 
7 16,6 58 16,7 56 16,7 57 16.0 57 16,5 56 16,7 57 16,6 56 16,4 57 4155 4155 1599 1596 6,4 6.4 6,4 6,4 15.2.05 RK, MJ 
6 16,5 58 16,8 58 16,6 57 16,0 56 16,4 59 16,5 59 16,5 58 16,3 58 4155 4155 1599 1599 6,4 6,4 6,4 6,4 15.2.05 R.K, MJ 
9 16,4 59 16,4 60 16,3 56 16,3 56 16,5 59 16.4 59 16,5 58 16,4 56 4154 4154 1597 1596 6,5 6,5 6,4 6,5 15.2.05 KS 
10 16,5 58 16,5 59 16,4 56 16,4 56 16,4 57 16,5 57 16,4 56 16,4 56 4155 4154 1596 1596 6,4 6,5 6,4 6,4 15.2.05 KS 
11 16,4 59 16,3 59 16,4 60 16,4 58 16,3 58 16,3 59 16,4 59 16,4 58 4154 4153 1596 1596 6,4 6,4 6,5 6,4 15.2.05 KS 
12 16,4 56 16.4 58 16,4 57 16,3 59 16,3 58 16,4 58 16,4 57 16,3 59 4154 4155 1598 1599 6,3 6,3 6,4 6,4 16.2.05 TL 
13 16,5 57 16.2 56 16.4 = 16,3 ,7 16,2 ,, 16,3 08 16,:> 57 16,1 56 4151 4150 1:>98 1596 6,4 6,4 6,4 6,4 16.2.05 MO 
14 16,4 58 16,3 56 16,4 58 16,1 56 16,3 58 16,4 58 16,4 59 16,1 56 4153 4153 1599 1596 6,3 6,4 6,4 6,4 16.2.05 MO 
15 16,4 57 16,4 57 16,4 57 16,2 57 16,4 56 16,4 57 16,4 58 16,2 57 4154 4155 1599 1598 6,3 6,4 6,4 6,4 16.2.05 MO 
16 16,4 58 16,3 56 16,4 57 16,2 57 16.4 58 16,3 58 16,4 59 16,3 56 4153 4154 1598 1598 6,4 6,5 6,4 6,4 16.2.05 KS 
17 16,5 59 16,4 59 16,4 58 16,4 58 16,5 59 16,4 56 16,4 56 16,3 57 4154 4155 1599 1596 6,3 6,4 6,4 6,3 16.2.05 KS 
16 16,5 58. 16,3 59 16,3 58 16,1 57 16,4 57 16,4 58 16,3 56 16,1 57 4155 4154 1598 1599 6.4 6,4 6,5 6,4 17.2.05 RK, MJ 
19 16.4 58 16,3 58 16,3 57 16,1 58 16,3 57 16,4 57 16,3 58 16,1 56 4155 4155 1599 1599 6,4 6,4 6,4 6,4 17,2.05 RK, MJ 
2ll 16,5 57 16,3 57 16,3 57 16,1 57 16,5 57 16,4 58 16,3 57 16,1 57 4150 4151 1599 1598 6,4 6,4 6,4 6,5 17.2.05 MO 
21 16.4 57 16,3 57 ,16,3 57 16,1 57 16,4 57 16,3 56 16,3 57 16,1 57 4154 4154 1599 1596 6,4 6,4 6,4 6,4 17,2.05 MO 
22 16,3 57 16,3 58 16.3 57 16,0 56 16.4 57 16,4 57 16,4 57 16,0 57 4154 4154 1599 1599 6,4 6,4 6,5 6,5 · 17.2.05 MO 
23 ·16,4 58 16,4 58 16,3 57 16,3 57 16,4 58 16,4 58 16,3 57 16,2 59 4155 4155 1598 1598 6,4 6,5 6,4 6,4 17.2.05 KS 
24 16,3 59 16,3 56 16,4 58 16,3 57 16,4 57 16,4 58 16,4 58 16,3 59 4154 4154 1599 1598 6,4 6,4 6,4 6,4 17.2.05 KS 
25 16,4 57 16.4 58 16,3 57 16,3 58 16,4 57 16,4 57 16,3 58 16,2 58 4155 4155 1599 1599 6,4 6,4 6,4 6,4 18.2.05 RK, MJ 
26 16,3 58 16,4 56 16,3 58 16,2 57 16,4 57 16,4 58 16,3 57 16,1 58 4155 4155 1598 1596 6,4 6,5 6,4 6,4 18.2.05 RK, MJ 
27 16,3 57 16,4 57 16,3 56 16,1 58 16,4 56 16.4 57 16,3 57 16, 1 57 4155 4155 1598 1596 6,4 6,5 6,4 6,5 18.2.05 MO 
26 16,5 58 16,5 59 16,4 57 16,2 57 16,4 57 16,5 59 16,4 58 16,2 58 4155 4155 1598 1596 6,4 6,5 6,4 6,4 18.2.05 MO 
29 16,4 59 16,3 56 16,3 56 16,4 57 16,4 57 16,4 58 16,4 59 16,2 58 4155 4155 1599 1598 6,3 6,4 8,4 6,4 18.2.05 KS 
30 16,4 58 16.4 59 16,3 59 16,4 58 16,4 56 16,3 58 16,3 58 16,3 57 4155 4154 1599 1599 6,4 6,5 6,4 6,4 18.2,05 KS 
31 16,3 57 16,3 58 16,3 57 16,0 56 16,4 57 16,4 57 16,4 56 16,4 57 4154 4154 1599 1599 6,4 6,5 6,5 6,4 19.2.05 RK,MJ 
32 16,4 57 16,3 56 16,4 57 16,1 57 16,4 57 16,3 56 16,4 57 16,4 57 4155 4155 1598 1596 6,4 6,5 6,5 6,4 19,2.05 MO 
33 16,4 57 16,3 58 16,4 57 16,0 57 16,4 57 16,4 56 16,4 56 16,4 57 4154 4155 1598 1599 6,4 6,5 6,5 6,4 19.2.05 MO 
A\Q." 16.42 57,9 16,38 57,9 16,38 57,4 16,20 57,4 16,39 57,5 16,40 57,5 16,38 57,8 16,19 57,6 4154,1 4154,1 1598,5 1593,4 6,39 -6,43 6,42 6;41 
Appendix B Reject amount report 2002 
Re'ect Reason 
Year 
2002 Air Flaw % Raw 
of 







December 2 768 50,0 1 384 
Total 2 768 22,2 1 384 























Vulcanized % Accepted Reject 
of 
Amount/€ rejects Amount/€ % 
3 1090 57, 1 
30 10897 0,0 
7 2543 0,0 
1 363 100,0 31 11260 3,1 
32 11623 0,0 
10 3632 0,0 
44 16904 8,3 
1 363 11, 1 157 57949 5,4 


























Appendix C Reject amount report 2003 
Reject Reason 
Year Fluency 
2003 Air Flaw % Flaw % 
of of 
Month AmounV€ Rejects AmounV€ Rejects 
August 2 768 10,5 
November 1 384 9,1 
Total 3 1152 10,0 0 0 0,0 









■ Air Fl.;;i 







Accepted Reject € Total 
AmounV€ % % AmounV€ 
28 10757 40,4 40,4 47 18056 
28 10757 28,2 28,2 39 14983 
56 21514 34,9 34,9 86 33039 
Costs by Reject Reason 2003 (Euro) 
1152 € 
10373 € 
l ■ AirFlj ■ Void 
Appendix D Reject amount report 2004 
Reject Reason 
Year Fluency 
2004 Air flaw % Flaw 
of 
Month Amount/€ Rejects Amount/€ 
January 1 384 14,3 
Auqust 
October 5 1743 100,0 
November 3 1046 13,0 1 349 
December 9 3137 24,3 1 349 
Total 18 6310 25,0 2 698 






4,3 19 6622 
2,7 27 9410 
2,8 52 18337 
■ AirFlaw 1 









Accepted Reject € Total 
Amount/€ % % Amount/€ 
17 6531 29,2 29,2 24 9220 
11 3834 0,0 0,0 11 3834 
58 20214 7,9 7,9 63 21957 
37 12895 38,3 38,3 60 20912 
64 22305 36,6 36,6 101 35201 
187 65779 27,8 27,8 259 91124 
Costs by Reject Reason 2004 (Euro) 
698€ l
■ Air Flaw l 
■ Fluency Flaw 
□Void 
Appendix E Reject Amount Report 2005 
Reiect Reason 
Year 2005 Void % Acceoted Reiect € Total 
Month Amount/€ of Reiects Amount/€ % % Amount/€ 
January 2 697 0,0 0,0 2 697 
Februarv 1 349 100,0 33 11501 2,9 2,9 34 11850 
Total 1 349 100,0 35 12198 2,8 2,8 36 12547 

















<145 150 160 150 145 
K T A 
I 160 160 160 M 
I p 
K 155 155 E K R 
A 165 165 160 E 
150 150 150 150 150 
window 
Temperature setting l 65°C 






















165-170 170-175 165-170 M 
I p 
K 160-165 165 E 
K R 
A 
175 170-175 175 E 
160-165 165-170 170-175 165-170 160-165 
window 
After adding heat sensors; Temperature setting 165°C 



















Both moulds; minimum= 140 















maximum = 165 
maximum = 165 
Sensor/Setting Window 
Upper mould 145/145 























difference = 20 

















165 175 180 175 165 
window 
minimum = 165 maximum < 185 difference < 20 
UPPER MOULD 
corridor 




I >190 190 . 185 M 
I p 
K 175 170 E 
K R 
A 180-185 185 180-185 E 
170 <180 
minimum = 170 
Both moulds; minimum= 165 
Temperature setting (°C): 
180-185 180-185 170-175 
window 
maximum > 190 
maximum> 190 
Sensor/Setting Window 
Upper mould 172/175 
Lower mould 176/180 
difference > 20 




Center temperature has been decreased 5 ·c to 170 ·c before experiment vulcanization. 













165 165 170 165-170 150-155 
window 
minimum> 150 maximum= 180 difference < 30 
UPPER MOULD 
corridor 




I 180 185 180-185 M 
I p 
K 160-165 160-165 E 
K 
R 
A 175-180 180-185 175-180 E 
160-165 
minimum= 160 
Both moulds; minimum> 150 
Temperature setting (°C): 
175 180 175 
window 
maximum = I 85 
maximum = 185 
Sensor/Setting Window 
Upper Mould 165/165 
Lower Mould 170/170 
All temperatures decreased 10 °C before experiment vulcanization. 
160-165 
difference = 25 




Appendix G Inspection log sheet 
TEKNIKUMOY INSPECTION LOG SHEET VKP 09330V1 
f-- 7 6 5 
L A R 0 X POWER PF SHEET 4140 X 1600 
I--- .... ,... ■ .......... " ■ ■■ ■■■ ■ 
MT 140184 165041 l> ■■■ D ■■■ II ■■■■■■■■■■ RUBBER TYPE i---- ;:o ■■■■■■■■■■■■■■ a ■■■ 
8 0 ::::::::::~::::::: 4 
i---- @■■■■■■■■■■ a ■■■■■■■ 
I I f--- ~ :::~:;:::~::;:.;=~=~ 
I >-- 1 2 .... 3 
,..ENGTH(mm WIDTH(mm) 
CORNER THICKNESS 
SHEET EDGE THICKNESS 160 5 :1: 0,8 HARDNESS 58 :t: 5°ShA 4136-4156 1598 - 1608 (mm) 6 + 2 - 1 Date of 
measwen-Bntl 
Numbe1 1 2 3 4 5 6 7 a 1-3 5-7 1-7 3-5 1 3 5 7 measurer 
Appendix H Inspection log sheet; experiment vulcanization 
t 
T I j • ~ I . I I 
r 
9~~~~ ~~~ ... 
t 
11'·1• ....... - .. K1'Cpult!unio-n nUltu turlauuu. keport 
rn 
+ -t lrr.dlte.• MA M LA.ROX P<HVER PP S H EET 1600 :a .. l ◄O M•-...-.r . ~ .. ~~-- . ~ ·. . t -t I M••ld --,,.r MTt◄ou, .. o ... 'V IH/2.(IO' :~~ ....... ~~- ....... ~ ' I 10 ... --- 2,unN I) I ~ .:.~➔ .. ~t,j ;J. .,i»~v' -t -t I t t 
-t -; 1 
_., 
t· i , ~ 2 • t 
I .. t r t + ~ t I t t 1 t • t I j. : < • • ~ .. + + + ~. . i 
l t -.. LaNCl'TH ., .. WIDTH C~T .. caoa.aa Vulcanlzatlon Yule. ..... u,. - EDGE THtcKNEaa (mm) 1• ~ 0,7 HARDNESS U * s• Sh.A .,.,~,-, , ..... ,..:, _, • • 0 , 2 1 · • · · ~ o ... D-(fftffl) 
1 2 3 .. 5 • 7 • 1 2 3 .. 5 • 7 • 1 • 3 5 - 7 1 • 7 3-5 , :, 5 7 
1 18 . 4 1 0 ,0 18,◄ 16,3 16 1 8 , 1 16 , 3 16 .3 53 "" "" ... 50 ... •• "" •100 ••so 1- "'"" 6 . 2 6 . 1 8 . 2 6 . 3 2Gmln 2Q . 2006 612/2005 MAM 
2 , .... ~,1 
:, 18, 7 16 , 8 18 ,.6 17,3 16,8 ,a .o 18 . 8 18 .9 56 •• ... .. 5◄ 53 GT o, ◄102 ••oo 1 ..... 1 ..... . ... a.8 8 ,8 .., 00 min A.feat 0 52000 a,,s,20015 M AM .. 07 .. ... .. OT .. 07 .. ◄ H!O ◄ 152 1- I- OOmln Refec1 8 • 2000 """"'°""" 
II 18,◄ 16,6 10. 2 ,e.e U l,3, 18 .3 18,8 141.0 57 •• ... .. "" .. 57 .. ◄ 150 41?52 1507 ·- 6.2 6 . 0 8 . 1 8 , 3 DO mfn Retiact , , 52005 D/12/200GKK • 16.3 16 . 3 u, ... 18 ,9 16 . 6 15 .8 17 18 .5 57 "" 67 55 57 .. 57 53 •1&2 • 15 1 "'"" 10Q7 6 .0 8.◄ 6 .5 8 . 6 eomm ~1 13. 52005 611612006 MAM 7 16 .6 18 ,0 16 , 3 16 . 8 16. 6 16.• 18.• 18.2 57 55 .. .. OT 55 0 7 .. •152 ., .. ·- 1 5"8 6 .3 8 . 2 6,2 6.◄ 80 min Rejecl 13. 5 .2005 51162005 M A M • 18.7 18, 0 18. 7 17.2 , e.e 18,7 10 , 7 16,◄ 80 57 57 ... 57 58 ... 153 ◄ 162 ◄ 150 "'"" 7◄3,87 8,◄ 6.8 a., 6 .5 80min.Roiea, 17 5 .2005 5/1812005 M A M 0 18. • 18 ,3 18 ,6 17,3 16 ,8 18 ,6 18,8 16 .6 •• 53 .. •• .. .. 57 51 • 1• 7 • 1s2 1596 1 ..... s., 6 , 3 6.6 6.8 80mln 23 5 .2005 512,4./2CX)5 MAM 
1 0 1 8 , 2 10 ,• 1 15,15 15, 7 1 5 .8 '7 16,8 16.2 53 .. 51 03 0 1 ... 02 03 • 1• 11 ◄ 150 ,o ... 1603 6 ,2 5.◄ 5,8 8.5 ◄O min 2> 02008 5'2◄12CJOei M AM 
11 Hl,5 18 ,8 16 . 5 17 16.7 18 .2 16 .8 18.7 ... 56 ... 56 .. .. ... .. A153 ,t 151 1801 1601 8 ,• 8,◄ 8.5 6,7 80mon 2> 5 2008 5124f2005 M A M 
1 2 16 , 3 18,8 115. 7 10,8 15.8 18 .e u, ... 18. 1 ... 52 ... 50 .. .. .. "" ◄100 ◄ 1◄9 ,a. 02 18,04 8 0 ,8 •. 8.◄ 60mln 2> 02000 51"2,4/20Q5MAM 
1 3 18.2 16,7 1$ . 8 Ut,,7 111.9 ..... 18 .2 15.U "" 03 08 02 .. "" ... 00 ◄152 ◄183 , 002 •60◄ 6.2 5 ,0 o.• 6 , 1 80mln 2> 02000 tv2412005 MAM 
15 18 16 . 8 15.8 10 ,0 1 5.4 Ul.8 18 . 1 15 .8 05 ... ... .. 58 .. 00 00 •'1 5 1 ◄ 153 1601 H IOO S ,8 5 .0 5,0 8 .8 
80 """ 2◄ d2005 5'24J'2008 M A M 
1• 1 8 . 3 18.◄ 1 5 .7 18,1 15,0 18 .7 18 ,S 18 ,3 ... 05 57 02 57 .. .. .. ◄15 1 ◄ 102 1008 180S 6.2 .. 0,8 8 . 8 60 min 2◄ 6 200S 2 A.5 200G M A M ,. 16,3 , 0 .1 H,, 1 ttUt 18.2 10, 7 1T, 1 18 ,8 "" 05 00 •• .. .. ... .. ., .. ., .. 1600 •600 s . 1 6 .0 o.o 7.0 80mln 25 5,2006 5126/2005 MA.M 
22 18 . 2 18,3 1 5,7 ,e 18 ,.2 17 18,G 141,8 .. 55 .. 53 .. .. "" 03 " "" A11 1 180, ,..,. 8., 5.6 8 .0 8 .8 8(),rin 20 0.2000 ~MAM 
2 .. 18,◄ 18 ,8 15 , 7 10 1s . 1 18, 15 18 ,8 16 ,15 82 56 61 80 80 ... 81 58 ◄ 103 ◄152 "'"" ·- 8.◄ 5 .6 5 ,0 6 .0 OOmln 20.5.20CH5 6/112005 MAM 27 18,5 16,D 115, 7 HS,• 18 ,0 ,e .v 16 , 15 16.f .., 02 8 1 ., 80 .. ., 60 ◄153 ◄10◄ 1695 ·- 6 ,0 5 , 7 5 ,8 6 . 8 50 mtn. Temp. 1◄5• "6. 200< 6110i2005 MAM 2• 18.• 17, 3 10.2 US,◄ 15.8 1e. e 16 ,6 18 ,CS ... 52 60 80 ... .. ... ... ◄1SS .. ,54 1800 ,eoo 8.◄ 6,0 •. 8.7 50 mm. T..mp, 1,t:J• 96.2005 S/10f2005 MAM 
2111 18,2 us.a 10.7 19, 3 18, t 1 7 , 2 18 ,8 18,4 .. 02 ... "" .. "" 57 .. .. , 5.d ◄ 155 1600 "'"' 8 , , 6 ,8 6 .0 8 ,8 50 min Temp 145• 1oe 2005 & 1012005 M A M 
31 18,5 17 10, G 16. 0 1& ,7 17. 1 us.a 16,7 80 .. 80 .. 80 .. 60 80 ◄ 103 ., .. "'"" ,001 8.◄ o.a 0,7 8.7 A5 n'Mr'I T.n,p 150 10fl200!! 8/1612005 MAM 
Appendix I Inspection log sheet MT 140184 
TEKNIKUMOY VKP09 330V1 
7 6 5 'i ■ a ■ a ■ a ■ DCICl ■■■ CI ■■■■ INSPECTION LOG SHEET 
■■■0a00a ■ aa ■■ ••••• MT140184 L AROX POWER PF SHEET 4140 X 1600 RUBBER TYPE 165041 
■ a ■aa0aaaa1a111a11 8 0 ICIICIDDICICICIIIDDIIIII 4 
X DIDCUIDIIDDDCID ■■ a ■■ a 
oa ■■ llll:IICIDll ■ IDDI ■ 
011011100101111101 
~- aaa~•, ■ a ■ a ■■ r.aq ■■■ 
1 2 ·-·" 3 
LENGTH(mm) WIDTH(mm) CORNER THICKNESS (mm) Date of 
SHEET EDGE THICKNESS tmml 16,5 :t O,B HARDNESS 58 :t 5°ShA 4136-4156 1598 • 1608 6+2-1 measurement/ 
NUMBER 1 2 3 4 5 6 7 8 1-3 5-7 1-7 3-5 1 3 5 7 measurer 
1 16,4 58 16.4 56 16,3 58 16,3 58 16,3 58 16,4 56 16,3 59 16,2 56 4155 4155 1603 1604 6,4 6.2 6.3 6.4 20.07.05 KS.MK 
2 16,3 58 16,4 55 16,3 57 16.2 56 16,4 57 16,4 55 16,3 58 16,2 58 4155 4154 1602 1604 6,4 6,1 6.3 6,3 20.07.05 KS.MK 
3 16,4 59 16,5 55 16,3 56 16,2 55 16,3 58 16,5 56 16,3 58 16,3 58 4158 4155 1603 1603 6,3 6,1 6.2 6,4 20.07.05 KS.MK 
4 16,4 60 16,5 58 16,3 59 16,3 59 16.4 59 16,5 59 16,3 60 16,3 57 4154 4154 1602 1603 6,3 6,3 6,3 6.4 26.07.05 KS.MO 
5 16,3 58 16,4 56 16,3 58 16,2 55 16,3 58 16,4 56 16.4 56 16,2 55 4154 4154 1604 1605 6,3 6.2 6,1 6.3 20.07.05 KS.MK 
6 16,3 58 16,4 56 16,3 58 16,3 56 16,3 56 16.5 56 16,3 58 16,2 57 4154 4154 1603 1604 6,4 6.3 6,2 6,3 21.07.05 KS.MK 
7 16,4 58 16,5 55 16,3 58 16,3 57 16.4 58 16.5 55 16.4 58 16,2 57 4154 4154 1603 1604 6.3 6,3 6,3 6,4 22.07.05 KS,MK 
8 16,3 58 16,5 56 16,4 59 16,3 56 16,3 58 16,5 55 16.4 58 16,2 57 4154 4154 1603 1604 6.3 6,3 6,3 6,4 22.07.05 KS.MK 
8 16,3 59 16.4 56 16,2 58 16,3 54 16.4 58 15:5 58 16.4 58 16.3 57 4154 4154 1603 1604 6,4 6,3 6.4 6,5 25.07.05 KS.MO 
10 16.3 59 16.5 57 16,3 59 16,3 57 16,3 59 16,5 58 16.4 59 16,3 58 4155 4155 1604 1604 6,3 6,3 6,3 6.4 25.07.05 KS,MO 
11 16.4 59 16.4 59 16,3 60 16,3 57 16.4 59 16,5 58 16,4 59 16,2 57 4155 4156 1604 1604 6,4 6.4 6,4 6,5 27.07.05 KS.MO 
12 16.4 60 16,5 '60 16,3 58 16.3 55 16,4 58 16,5 58 · 16,4 60 16,3 57 4155 4155 1603 1604 6,4 6,1 6,2 6,4 25.07.05 KS,MO 
13 16,3 59 16,5 58 16,2 60 16,3 55 16,3 59 16.5 58 16,3 60 16,3 56 4155 4155 1603 1605 6,3 6,3 6.2 6.4 25.07.05 KS,MO 
14 16,3 59 16,5 59 16,3 59 16.3 56 16,3 58 16.5 58 16,4 58 16,3 57 4154 4155 1602 1604 6.3 6,2 6,2 6,3 25.07.05 KS.MO 
15 16,4 59 16.4 57 16,3 60 16,3 56 16.4 60 16,5 59 16,3 60 16,2 58 4156 4156 1604 1605 6,4 6,4 6,4 6,5 27.07.05 KS.MO 
16 16.4 59 16,5 58 16,3 59 16,3 56 16,4 58 16.5 58 16.4 58 16,4 57 4154 4154 1603 1603 6.5 6,4 6,4 6,5 26.07.05 KS.MO 
17 16.4 60 16,6 60 16,4 58 16,4 56 16.4 59 16,5 58 16.4 59 16,3 57 4155 4155 1602 1603 6,4 6.4 6.4 6,5· 26.07.05 KS.MO 
18 16.4 60 16,5 59 16,3 58 16,4 57 16.4 60 16,5 58 16,4 59 16.4 58 4155 4155 1603 1604 6,4 6,4 6,4 6.5 26.07.05 KS.MO 
19 16.4 60 16,5 57 16,3 60 16,3 56 16,4 60 16,5 58 16,4 59 16,4 57 4154 4154 1603 1604 6,4 6.3 6,3 6.5 27.07.05 KS.MO 
20 16,3 59 16.4 59 16,3 58 16.4 57 16,4 59 16,5 57 16.4 59 16,3 57 4156 4156 1603 1603 6.4 6.3 6,3 6,5 27.07.05 KS.MO 
21 16,4 59 16,5 58 16.4 59 16,3 57 16,4 59 16,5 57 16,4 59 16,3 57 4154 4154 1603 1603 6,3 6,4 6,5 6,4 28.07.07 MO.KS 
22 16,4 59 16,6 57 16.4 58 16,4 58 16,4 59 16.5 57 16,3 59 16,3 57 4153 4154 1603 1604 5;3 6,4 6.4 6,4 28.07.07 MO,KS 
23 16.4 60 16,6 56 16,4 59 16,3 58 16,4 60 16,6 58 16,4 58 16,3 58 4155 4155 1603 1604 6.4 6.4 6,4 6,5 28.07.07 MO.KS 
25 16,2 60 16,3 57 16,4 59 16,5 58 16,5 59 16,5 58 16,3 58 16,2 58 4155 4155 1603 1603 6,4 6,5 6,4 6,5 28.07.07 MO.KS 
26 16,3 59 16.5 57 16.4 59 16,4 57 16,3 60 16,4 56 16.4 58 16,3 57 4154 4155 1603 1603 6,4 6,3 6.3 6,5 28.07,07 MO.KS 
28 16.4 58 16,5 56 16,3 58 16,3 56 16.4 58 16,5 57 16,3 59 16,3 57 4154 4154 1604 1604 6,3 6,4 6,4 6.4 28.07.07 MO.KS 
33 16,3 60 16.4 58 16,4 60 16,3 59 16,4 59 16,5 59 16,4 60 16,3 56 4154 4154 1603 1604 6,4 6,4 6,4 6,5 26.07.05 KS.MO 
34 16.4 59 16,5 58 16.4 58 16.3 57 16,4 59 16,5 58 16.4 59 16,3 57 4155 4155 1604 1604 6,5 6,5 6,4 6,4 26.07.05 KS.MO 
37 16.4 59 16,5 56 16.4 58 16.4 55 16:4 56 16,6 56 16,4 59 16,3 57 4156 4156 1602 1604 6,4 6,3 6,4 6,5 22.07.05 KS.MK 
•5 16,4 56 16,4 58 16,4 59 16.4 56 16,4 59 16,5 59 16,4 58 16,3 58 4154 4154 1603 1604 6.4 6,3 6.5 6,4 27.07.05 KS.MO 
Anv.·-,,; '16.36 59,00 16,47 57,23 16,33 58,63 16,32 56,50 ·1a,31 58,70 16,49 57,30 16,37 58,73 -16,28 57,23 -.4154,60: 4154,67' ,1603,03 1603,83 6,37, ,.,,5;32~, 6,33 6,43 ~ 
Appendix J Inspection log sheet MT 140188 
TEKNIKUMOY VKP09330V1 
7 6 5 1; aa1111a11a11aaaaaaa11aa INSPECTION LOG SHEET 
CICIIICICIDCICIDIIIICIIICIDCICIII MT140188 L AROX POWER PF SHEET 4140 X 1600 RUBBER TYPE 165041 :0 lllllllllllClllll:CIIIIICICIIICICIIICI 8 Q IICIIIIICll'HICIIICIIUIIICICI.IIIUI 4 X Clll'llll:111111:IIIIIIIIUIIUICICICIII 
IIDCICICIDCICIDDCICICIIIIICIDCI @aa 111:U:IIICICICI 1111 ll'OCI CIIUID 
, aai:q1eq1:111aua1urq1u:1a 1 , .... , 2 ,___, 3 .. 
' LENGTH (mm) WIDTH (mm) CORNER THICKNESS Date of 
SHEET EDGE THICKNESS (mm) 16 5 :t0,8 HARDNESS 58 :t 5'ShA 4136-4156 1598 -1608 (mm) measurement/ 
Number 1 2 3 4 5 6 7 8 1 -3 5-7 1-7 3-5 1 3 5 7 measurer 
1 16,3 59 16,5 59 16,5 58 16,4 58 16,4 58 16,5 59 16,4 60 16,3 58 4156 4150 1604 1605 6,4 6,5 6,5 6,5 14.07.05 KS,MM 
2 16,2 61 16,4 61 - 16,3 60 16,2 58 16,3 60 16,5 60 16,3 59 16,2 58 4148 4148 1606 1607 6,5 6,5 6,2 6,5 15.07.05 KS,MM 
3 
4 16,4 58 16,4 58 16,3 59 16,3 58 16,3 58 16,5 59 16,3 58 16,3 58 4150 4149 1604 1605 6,5 6,5 6,4 6,6 15.07.05 KS,MM 




8 16,4 59 16,5 59 16,3 57 16,3 55 16,3 57 16,5 59 16,4 58 16,4 57 4150 4149 1604 1606 6,5 6,4 6,4 6,5 18.07.05 KS,MM 
9 16,3 59 16,5 59 16,3 58 16,2 56 16,3 57 16,5 58 16,3 57 16,3 57 4148 4147 1605 1604 6,5 6,5 6,3 6,4 18.07.05 KS,MM 
10 16,3 59 16,6 59 16,2 59 16,2 56 16,3 58 16,5 60 16,3 58 16,3 58 4148 4148 1605 1607 6,5 6,4 6,2 6,5 19.07.05 KS,MM 
Ava,. •. 16;33 59,1 16,46 59,1 16,31 58,1 16,26 56,4 16,31 57,7 16,50 59,1 16,33 58,3 16,29 57,7 4149,4 4148,4 1604,4 1605,6 6,49 6,46 6,33 6,51 
